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(54) DISTORTION COMPENSATION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To correct the 
frequencies of a transmission system and a feedback 
system by permitting an operation control means 
generating the frequency characteristics and the 
inverse characteristics of the transmission system 
and the feedback system at the distortion 
compensation operation to correct the frequency 
characteristics of the transmission system and the 
feedback system. 

SOLUTION: The operation control means 10 
generates the frequency characteristics and the 
inverse characteristics of the transmission system 
and the feedback system at the time of receiving 
sound input and executing the distortion 
compensation operation. An orthogonal 
modulation/demodulation means 20 receives the I/Q 
output of the operation control means 1 0 f 
orthogonally modulates it, demodulates a feedback j! 
signal and transmits it to the operation control 

means 10. A transmission/reception means 40 receives the output of the orthogonal 
modulation/demodulation means 20, transmits it and receives a reception signal. A 
modulation signal is transmitted from an antenna 31. At the distortion compensation 
operation, the operation control means 10 generates the frequency characteristics and the 
inverse characteristics of the transmission system and the feedback system and multiplies 
them by a transmission signal. Thus, the frequency characteristics of the transmission 
system and the feedback system are corrected. 
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io seift»3 5fc©iaica2»e>*ife^>f y^-T***. 

*>f >yf SW1 fcSW2*AflMC®Jt-*$4:, nlMfB# 
ttD/A3H»»2 7 a©ffi*T»*f»J>gSn, A/D^jH 
#§3 5tCAS .fc^lC&oTV^,, 

[0 0 6 3] 3 7l4A/DSaft»3 5©ffiAS:SW"C, 
— «rffi«'t*RAMJiBlAv7rT**. SRAMii 
A'-y77 3 7©ffi7Jti, ?I^Ef!lfflF§|5 2 4 {CASo 3©J: 

itc«ififts*ifeiii»a>»ff&ittW't*ijj. JKToay-e 
[0064] m-frnMimm 2 4 m&a>mmstx'< 

20 * h;i/£f#ofg-^£i£ffi-ts 0 iit. x-fy^swi 

tSW2 ©**«»* B ^{RKCSSKS *l, D-/U7^1/ 
4? 2.7 b &fl>LTltt£3HB*2 8JCA»J, tt^SBBS 

^<OI»©Ji3affi4f&-y->^y>yLTFFT (Fast 
Fourier Transform) fgJJSrfffcl' \ 

[00 6 5] H 5 tefl 2 ©HJg©7tJMM©#'ftS:^-rilI 
T'feSo (a) ©f 2fct.r©®-£r©M$$fcX'^ h;i/fc 

30 ic, ^vfSWi £SW2&Aife&fl!UcSsl«U n- 

;U7-f;H27b ©afretfr »;«a*u suttRimis 2 4 

fCATJfSo saR»a»w 2 4 Ji, »3tfl|-^«:*>^y 

>yitFFTff|f^^ 0 0 5© (a) fflfltti 

[0 0 6 6] ^LT. SteK&fflUfcflre*** h;i/S:i£ 

£©#f£-r-*&W n^-f-r^^E'J 2 5 bfCfBISS-ft 
€>„ -5-©^ ^-yfSWl i:SW2©^ffi?:Bfi!|tcM 

40 u as©^tc-rs 0 i©«-&tc, ^#0JWBP2 4i*-r 
3 5-fifaiit«»aj 102CJ: yMJsawtiE&ff&vv 
#«c y y -r -< ^ h - 2/ 3 ymnfflwm iont, y u 5-* 

[006 7] 15© (b) ©f 3li (a) ©f 2-f 1 
fe-5= Zl©f 4©#ffi$:MvxTm^ffi^©^U7 ; 'rx 

[0068] i©*sfiffl»»«[»cj:nK, tfmcMivat 

(DSP) 2 4^f 4{C^-TJ:e)^©i£JlW#'l4S: 
50 35>f'9 , ffl^ s Ey 2 5 btC^*aa*UTfe<i4:K:j: 



(7) 
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y, 

■5. 

[0 0 6 9] 3(D^(CS^T, i£&Zn&i8 J ilr£WM 

m^amm, &^jfc«^T#«»©aift«iM£jfeLT 

#*£©*£#■[£ ft#o^f n^-f if ta{^5r 1 mt Qf#g-* \z 

mtzz.ttfxzz. 

[0 0 7 0] ZL©3§BJ?©fllj£JCj:;ft,tf, I Qifif©-?- 
Ztiz J: y , «JSaS4fttfflS*liES:iEWlcff *^ i 

[0 0 7 1] 06 li#fi!BJi©3l 3 ©HSS©7£J»#lftf;t- 
:7niy*en?*S. BI3 iil^-cDtjCO^ Hf— ©«H£«: 



20 



Aft38»i-*>f=i9>fif ft^- Ktfx7T?«Wfc*i©T 

4ilA/DSEIft«3 5fc®rajciawe>*vTv^. 
*. ftJNfidffilffi 2 4 p*j©-f n^>f ifiSilfWWgP l 0 2 

[0072] aim»^e)ijiffls*ifcfli#&*fiiffi«-&« 

IIIH5 0 tJI«M3 3 ftfl-LTl££tfti8#3 

-f n 9 -f if 4 1 ic A U , aifS^&tfiJSigm© 

[0 0 7 3] «jSRWttffl»iE«<ff*to*ifc«3Bfi-9' 
tt. A/ D^&#§ 3 5 (C J: U S>* J\rr- * }C^gl3 

R AM A' 77737^ LTSHMfflWSff 2 4 tC 30 
ASo tttRDCft9M2 4 li, 35>f if 4 1 {CJ: yflat* 
D = B +C 

ZL©Dtc*fbT, $fcK:SlSMsftfc.A©te4:©tBi-ftfcy 
SR^trttm-rs (S5) . K»HfflJ:y«ll©Sb*:ffli: 

«/h4tSr«ffl-rs (SB) „ 

Ell 1 »Rxt7t-v h«t#ffibfelR©l/Q©aRII* 
h©fi^lll"efe-5c lifflmaxikminf® 
M (BCA-vf tfAM-PM, AM-AM^ 

#lCj:SKg"7?**. Ilflt, (2) j^ZB-r&olZ 40 
JiSiKA^Iimaxitmi nffi©S;/uf *T*©ffl 

[0 0 7 9] (2) ittCaVtEfi, IM, Qtt#*ft-? 

»J#«)feaSS3*"7-fey HBEfcLSvMBfcfcJfcKLTR* 
jEUSnlKfc&tf C = C-n 
AOSUfcKEfc&lf C = C+n 
±J*©«taiS:**JiBi-ii:tCJ:*;, Rxt7t7hii 
/hS< L/t^<ii*«t8*. 50 



»iE«K:^ , y >su$«mais 1 o 1 t? yy 

[0074] ^a>ms&<ojtmmiz*.tnt, mm»&tm 

S^©MM$tf# ttic J: S^ffi «©#fls ftHiiEf * £ 
T*££= 07, H8fcM3BH©£U©m©j&AR09©R 

10tiRx*7"fev h««^PffibfeBR©«5*3iy»ll©Sl 

io were**, ttntttcm ure&s. sew-ps* 

f]S«liD s Pgp 2 4 © I /QUI, lai^tSittR 
xtf^ir^/ h*«#*ELfe»^©»I/Q«"e«>S. H^S 

•ea<'rie*©«tj*&o, $i$T^-mg©M,&&o' t 

T I A I ^ISlTJt^S. 
[0 0 7 5] H3©«JM9f¥«2 4"T*? , y7V*h--S/ 

Afe«»-rs (si) . zl©A^c*fbT^'JT i •^ * h- 

S/a>«3l&lfiL (S2), RAMAy77 2 6-»D/ 
ASHJMS2 7— B3KSaH»2 8 -»flaa8a(ESM» 2 9 -»r 
yzf3 0-»7 3 1 ©WBtCnlffii-^o 



[0 0 7 6] 3a6fflSttfete-3&#|SiFtt*S-&*3 



2 ft:frL 

T«HMS-£i:OT#iffiU «iSa8SE««3 3-»gt5!tj«8 
§§3 4->A/D^fiSS|3 5-»RAMM>y77 3 7©;i/- 
h T*iKJM»»» 2 4 fC 7 -f - y * I '/ Q«#^- * 
ft A73lJ-5 0 jft2HMtt£|S 2 4(1 7 -C - KA-y 9 I /Q. 
ifjb^I/QMff-^BSrlSfl. (S3) . 

[0 0 7 7] &{C, SBHH»»2 4tt, B^-^tCRx 
*7"fey hfflCftfiMinU Dft^ffi^S (S4) . Dli 



(1) 

myizy hEft«c^KlJ:y#«>6 
[0 0 7 8] 



(S7) 



n**ia-«M«/h«) /2 (2) 

★ hffltC±n (nlitt«©M^) Sf*Wi-*. 

[0 0 8 0] iAIl +L/g^4tfcEiiftJt«L/ (S 
8). +LS^ffi<Efc&tfC©ffl;fre>l ft«*M-* 
(S9) . +bS^^ffi<ET•^V^^^^^, -L£vMfi£ 

E^ftjfciirr-5 (s i o) . -i/#v^«>E*e>«c© 
fttfin-rs (si i) . -e-i-c&vM^icHu ®si 

[0 0 8 1] _hizE©Mft^;T'^f il^T©J:-3{C* 



(3) 

[0 0 8 2] r©HHfi©^JB#!K:«fc*i»f. SIS*7-fey 
HftffitffcLSV^lCj:yRx*7-fev b©ffift*tl^ 



(8) 
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^?>Rxt7t i y hCDjEjkttyiffiL,. Rxt7t-yh& 

•So 

[0083] friz. wmmmT amiEiz'D^xm.m* 

(t) , Q (t) ©||«<Bifflffl»-&tc:<z>*j«Sfrs. u*io 

I c=I k' cost — Q k' si 
Qc=Qk' cosT+Ik* si 
£©I c, QcS: (1) SWCaVt.fc'5tC±i3Rx;*-"7 , fe 
>y Nt^MSJWf£:LTAi:©^#£:i:*J, (2)* 

k* , Qk' &aSIUt«-r*««, S8RCRx*7tyh 

WtCBuffi (3) ^[Cj;Sj!!lI^?ii:^T't* 

[0 0 8 6] TfCfcSL^ft&SlttT. -ftl 

(CioTCi, CqfC*frs«J|t&Tia©«fc3tC*Tfc 

w (3) Kzme.'tz. 

L^Wffitt -7c/4^T<+7t/4 a 

+ jt/4St<+3 7t/4— 0 



[0 0 84] JtffctttCl*, eSM&MSI 3 4 ©&#© I 
k, QkfiflCRx*7t7 MtC&ftfftT*-*. 3©* 
«fftlk' , Qk' fcU ZL©Ik' , Qk' lC*f 
UTjIMM^t (*tflD SrHtiEU I c, QcS4*t 
So I c, Qctt-t4x-fti**"e*Sn&. 

[0 0 8 5] 



(a©»&) 



(7© 
(S 



+ 3 n/4 ^t<- 3 tc/4 - 
-3 jc/4^T<-7t/4 - 

[0 0 8 7] 

Ci=Ci+-n, Cq=Cq+-n 

C i =Cq+— n, Cq=Cq— +n 

Ci=Ci-+n, Cq=Cq-+n 

Ci=Cq— +n, Cq=Ci— +n 

ziit', +-ti±©s*T'feu, -+i*-£©a*©*i*-c 

[0 0 8 8] B9ttrlCJ:SUtSVv«a«©SM!B'T?» 

5o T#fgifui~m4#^©£*©^Bfc;&£5WcJ: 
»J> Rxt7t-v h*l©9ra&3e;tTV**ifctf£** 

So 3© j: o kmmmzmMMim 2 4 worm- & 3 

iKCfcU, ^jt^lCfc^T^Rx^-fey hiilEtf 
«Ttg£&So 

[0 0 8 9] £©3Q&©JgJR«tCJ:;ritf, IISIt0 
HfCfcUBIBISrSffi'JU *©lSra«tCRx^'7-fey HB3K 
x = x' + y ' t a n A # 
y = y' /cosAf 

^IM^IA*ft#{C*f L c osA$ 36t>*{C t a n A <f> ©f 5 
-#7=-- 2 5 b*»&a(E*ffiU (5)5*;© 
SCUfcSrrittcj:^ lff£XM 2 8 ©iff3:Sil^£ 



n t 

n t (4) 
*fc IttfcQWca-K-tSwfctCj: »J. Rxm-y N© 

[0 0 9 0] sMMftCfc-fttf, ffigB&JFfi! Ifllffi 2 

4tt, MKiRTCa^ttiECfcfflWT 1 -**:^ 

Tp^UtT 7 -fe y h Sr^ffl-T 3 J: o K.+ Z> 3 4: j^TfS So 

rtuciu, jUEiiiti-T icis^s <»iE©*tcaRS*7-fe 
vhfettffitsoT?, iwfcQii©iBnE*<*iiEa*i. an 
20 f|*:7izy h©fcffi 3 

[0 0 9 1] &tc, *?Slft©£5©3g£©jgJHft|lC«j:« 

jww»» (dsp) 2 4p«3(c, mmm&tfmt»<Dm^ 
»«j i o i ic#ini--5o 

[0 0 9 2] ^SPtcyj-r-Vx h-2/s>SB«§fflSl» 
r-^M^'J 2 5b gibfe|t:J:oT#tt 

rtfaE-ft*-**^!*, zl©^-^;i/2 5 b -5 

30 [0 0 9 3] iMt, ^Ut-V X h-5/3>3*lfcSMWB 
StSMffiH 2 4 -»ltt£SH«fiS 28^T>^30© 
;i/-h£S'J, »3B»©lff««««l|3 4-»A/D3EaM» 
3 5 ©;i/ - h * 6 7 * - K/t v * 3 *iTStfa»W»» 

2 4ici»3§-rSo 3©i(»Sbfe«#ictt, tt^9sn»2 

8, i£$&&83 4©if^JK»£|#***l*. 
[0 0 9 4] J^TtC, £©IttX3EM2 8©Ift£KglJS 

tc, £©££fl»si!S*t*/hicfcs «fe e> tc essays a </> 

40 Sr^aJ^&XXL'T-^*. 3©»©ffliE^{i, I/Q¥ 
Sf±©»E«fflj&& (x, y) , *iESSffflj*S: (x* , 
y* ) fc"t*fcTta©J:^«s8B«i:ftS. 

[0 0 9 5] 

(5) 

[0096] mz. mx&Wimz 4 iz&ttz>m&m.mm 

ffilEJimZ* Hi 2&J8vvr3Mr*-*. I2l2liii:^ 

T'feSo Bl2^CfeV^T, MttQ, illfti* I T*&5„ 
50 3HSHUS«(^ii:3SESa^a»0' ©^©lflt«P3, Ottitt 



(9) 
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[0 0 9 7] jfc-r, si; 



• UStSftStiSA ♦©&"? 

Ufel, Q»«:x, y *©-r- * (CMUT 

Rxt7t^ N*iIE£:fT&e>o fciiE^:©^- * £ x ' , 
y* fc-TS. 

[0 0 9 8] Rx*7t9 h*tlE©^JlWi£. fffMLfeU 

S^iA 4>©*iIE^JiK£II|i sicjjVT. Rx*7 
■fey hi: I/QW >©«IE&fTfc-5 (Si) . fctc, 
P3n>^^ b-i/a>&m*-rs (S2) . 7£lc, jftff 
MVA 2 4 l*, I 2 + Q 2 5:If UtmaxiJlmini 
fe^m-T-S (S3) „ &tc, ma xftm i n-St/Mflf 
B— gP*>ma xlfcjii n<fg©M# 
M©L£^te«ft"Z**.5j&*if'5*»*-x«y*"*-* (S * 
x = x ' 

y = y ' /cosA^+x' t a n A # 
£*UC<fcy, 2fc»&*ifex, y fc^U-rVx h-S/a> 20 

x h-5/a»B«»rfBi:fcS. 

[0 10 2] i36©*86©?g«0!ltc«J:*u£ ££XM 
2 8, tit£tt»#3 4 ©ii^^&*lE**«*1W» 

£ iE5t icffi IE 53t # bTIB 4: & S . 
[0 10 3] 8ifia««W»»2 4i:UTDSP«: 

[0 10 4] ±&LfcilKafttiE5lfW8©HfcBB 
»r— y;b&*«L, SESfcHR^-^i/feffiK©*!* 

sc pijg f £ z: 4: ic a y , -r— >Ou© * *e U ©^4 £ /h $ 

[0105] UfiaiasttWiEc^^y^-fx 

5 b©«*S:aMlBllBi:'rSi4:««'7»**. BUK&b£H 

g^-rszittcj;*;, f*- wr*>, a*© 

[0 10 6] Ml 4&T : -*iifB#lC£tt-5 A 

BWtSIfcfTJSi:^ (SI) . ^'JfU h-2/a> 

gtSSr^fce) (S2) . ^©*0.31&c«u iHM^SSiE 
#UC, "7-f-K^v*£*iT£feI/Q«:ill£ 
(S3) . 

[0 10 7] iS^C, Rxyfy-kv h&tfflDU RxW 
>*liE&ff«:i (S4) 
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[0 0 9 9] m a xiilm i niffli^BiSClgHi 
JS*WT?»*«^tCtt, ffia«*7"*"*. maxltmi 
nfc©JS#^©L*V*««±"T*&5»&K:te, max 

1 #31 4: H 3 Mm K * S # 4f "5 x «y * 5 
(S5) . *l*3H4:*3*^T?«:V^«^JCt4, A. <t> = 
A ♦ - 0 S:«*M-<6 (S6) . ZLZ1T% 0 lifi&gX-r 

[0 10 0] «l*3K4:fl53*3aT»*StB-&»Ctt, A* 
= A^+^a»t5 (S7) . ^f9^S7tXf9 
^S6fc»J¥U &&CX^>y^S 2{cM*J, FttK©*Hi 
feUUag-^. £ffl<fc3*:#JIBK:j:y, fi^SHAHJ 

[0 10 1] BfjMLitMiEfC<J;»J#«)P>tlfcA * SrfflVN 
Tx' , y* *»65S»CAlfiiEbfcflt-^x, y fcTIB^C 



(6) 

•5 (S5) „ 7^(C, I 2 + Q 2 ©St*S:fffcV\ n^X^ 
U-2/H>±fflj^*T*©IEil&#«)S. 3>X#l/—> 
a>Htcfev^T, A/&tt=i>;** 1/-5/3 >_h©IM*# 

jtcp-rs^u B«=i>x^ u->>a>_h©m^*tf-r 

[0 10 8] SmfflmtflS 2 4 O-A (0*»&A*7» 

©sit) to-B&jt-Ru n*«m^©usv^imsArt-c 

fe-5^4fdA^i>y^i-S (S6) . ffij£©L£vMB6* 

amebic a, annHm 2 4 « 1 2 +Q 2 ©mg& 

(S 7) . 

[0 10 9] 0-A>0-B-efcVv^-&tCt£, A * = A 
*-e©«*«:fTfcV* (S8) , 0-A>0-BT*^5 
*§llrfCte, A* =A *+/3©SJ|[&^f«:-5 (S9) . & 

fc, 0-A£0-B£©£S#ffi£©L&^ffUXrttcAo 
fc**i?3*^x<y*-*5 (S10) 0 ffi)t©L£^«J!sA 

[0110] zonmoMnmizjiiMi, mts-v—x* 

tftc%]ff3!ll©-r*iS:*iE"tSi4l*<Tf%«. at 
JFfflm 24ttn>x^l/-i/a>±©2 *.©M,^^ 6 
©SEH5:^SL. ■t©8El«S:JiS«'t*i4:K:J:»J, ItS 

[0 111] tftSSBHWIcfettSBHi^yyT^ 

^ (laxsBw^jca^-rsy-rx^) ©1^*©^*?) 
jc, ac*SEW»©flj*{c. #^^nfc7K^7-f ;i/^©M 

/XliDS P-CW 3 9>f1f«tfflS:tf3a:'5r4HCJ:»J, 

[0112] 



( 
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(l) i£ffiStt$«^fc»i»3-*©aMB. ffiffifcJfcRU 

t, mrnvmnomtz, »«#&tf»a*©fl»KWtt 

fcCJ:»J. «»«»M*i«M*Miai»©ieK:, 

3 i: (c J: y , &«*fttNiftB*©Mtl8M&£&*it 
[0 113] (2) £©»&ica3vvt, «flB«*«>J»# 

^-tfaufc^y^-f^h-^H^aMBfeUffu aim 

«9©iiUSttfe##**£fc#«rtei:fcS. 

[0 114] (3) ^©MWCj:oTM«*iH£ 
*S:t— ^"A-tbTft-fe. D S Ptt^f a^^ffitOfe 

«>icaii«Hi-r*i4:*^fii:fty. ssw^t 

[0115] (4) *©MS«M*t£©«**©fljy 

©jsaawitt & f f Tittle i y u *©is»j9aas 
Wtt&ML/TKris^^y-r-^'-n/tciBii-rsifcjcj: 

y , DSP jb^©i£M$$S(4# * =E u ^- ^Vl/JC^tt 

[0116] (5) mm^n^>m^t.mMm^(D 
mm, &mz&mbTmmm<Dm*mwMfei<Tmm 
BMB#*^y 7 s w * h - s> a y^mhrmmm^^mn 

lEfll icfr& e> £ #8* tc s . 

[0117] (6) tiHBajn8!i»^«ttaflit*»-c 

WJf-f/!)^Rxt7t>y hCDiEftfeflfWrU Rx 
*7-fey h&^M1--5^i:ic<j:y > aflftfJJCfe^Tfc, 

[0118] (7) nn9ssmm«^mt, Rxt 

h©»fS^-*©^«£*/.MB«:#tt>T. MM 
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*-7-fe<y hfctftffiU RfcffilSi: LSfrvffitCj: »J Rx* 

[0 119] (8) fuffi&S&OT#SfclU £H 

Hffll-r- 9 ^TStg:* y h £ 4: &C J: 

y , mumm ? tcs^ < *f m©^;:^* ^ h 
err*©-*?, wmxnzv h<DWunz , mm£<i7teoz 

10 fc#T?SS. 

[0 12 0] (9) |Jf3aaHCffiI»Mttt!flHili£ 

U *©KIHIfcK:Rx;*-:7-fey blflEffiS: Ifft^Qfft© 

£ t> e> tc^BH-t s s nw-r s z. t tc * y , jims^ t 

©tetchy IZW&WHMU ■tfflKiai«tCRx*7-fe'y h 
HSrlttfcQtttC^iBU Rxt7t-y h©*ifiE£IE5l 

[0121] do) it, mmtsn&m^tmmm^ 

IfMS/x^Mcfcv^, &&8»©iK£S& 

y jai«*fttf !fnBt*©iic*fle»ii&» m-r * ^ * tc j: 

«M^tW§31*©eXl«KiS«:iEMfc:||i 
[0122] (1 1) IWB»l«a»¥SfcbTD 

[0123] d2) *£, mmw.^mmjEmmm(D^ 

fe/ha < Wx. s z t § 5o 
[0124] (i 3) tifflaiac^wfiEw^^yy 

*-f5Cfett*Kl«je't*ii:lCj:y, r-7"M€U(5 

[0125] (i4) «nasiffffgflrff», if 

•T*i*«imbT*iiE-r6ii:»cJ:y, *-if^tf»Jc*iitt 

[0126] (15) iWBS[iWW«raJtt3>^* 
l/-S/a >±©2 j^©Jg^&©ffiKS:«||b. ^©SE 

is & jfc«rr -s r t tc j: y m&msm. srWH-r * 3 1 (c j: 

y, fiS!«amS:iE«KHfiE'tSii:*<'Brili:«:6. 
[0 12 7] (16) lttS3Eim*K:feWSa#^ 

^ur^^©i^*©fctotc, ttX3aB#©m*Jc, « 

50 iE-tSM&AflIU atf/XttDSPT-fn?^^ 



(1 1 
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[0 12 8] ~<DJ:-i>JC, 7(s|6^{CJ;tl«, *<Z)Mi&m 

[Hi] *fHa©JBt3Syny^HT?«>s. 10 
[02] SMSI^TtciSiiM/^iSI, Q^-^Kil 

[0 3 ] ##§f!B<Z>fS 1 ffl^WIM5:^t^n yfH 

[0 5] »2©|g«(Z>^«W<0«tt&^H^*&. 
[06] *5§B^©l^3©^|Jg©^ffi^J$:^t-^P>v^0 

[0 7 ] 1&ffl<M6 4 tomtetoT&WMto R x * -7 12 y h 20 
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[08] 7fs:|8^(D|g4©^(D^^J<Z)Rxyr7-fe>v h 

[09] TK*5bS^«#§*©8WIBT*S. 
[010] Rx*7tfh b£ISK<Z)M*Ifc »J 
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